Objective: To investigate the validity of an eight-contact electrode bioelectrical impedance analysis (BIA) system within a household scale for assessing whole body composition in COPD patients. Methods: Seventeen patients with COPD (mean age = 67 ± 8 years; mean FEV 1 = 38.6 ± 16.1% of predicted; and mean body mass index = 24.7 ± 5.4 kg/m 2 ) underwent dual-energy X-ray absorptiometry (DEXA) and an eight-contact electrode BIA system for body composition assessment. Results: There was a strong inter-method correlation for fat mass (r = 0.95), fat-free mass (r = 0.93), and lean mass (r = 0.93), but the correlation was moderate for bone mineral content (r = 0.73; p < 0.01 for all). In the agreement analysis, the values between DEXA and the BIA system differed by only 0.15 kg (−6.39 to 6.70 kg), 0.26 kg (−5.96 to 6.49 kg), −0.13 kg (−0.76 to 0.50 kg), and −0.55 kg (−6.71 to 5.61 kg) for fat-free mass, lean mass, bone mineral content, and fat mass, respectively. Conclusions: The eight-contact electrode BIA system showed to be a valid tool in the assessment of whole body composition in our sample of patients with COPD.
INTRODUCTION
Weight loss and depletion of muscle mass are common systemic manifestations in COPD (1) and have been associated with the disease prognosis. It is known that body mass index (BMI) is related to the number of hospitalizations (2) and length of hospital stay (3) for acute exacerbation in patients with COPD, with an impact on mortality. (4, 5) The fat-free mass (FFM) index, however, seems to be a stronger predictor of mortality (6) and disease severity (7) than does BMI in those patients, justifying the routine assessment of their body composition.
The use of dual-energy X-ray absorptiometry (DEXA) is recommended to assess body composition in COPD patients. (8, 9) This system distinguishes the body composition in three compartments by a difference in the attenuation of X-rays among body tissues. In comparison with DEXA, conventional bioelectrical impedance analysis (BIA) system, with four adhesive gel electrodes, has satisfactory clinical accuracy in estimating body composition in patients with COPD. (10) The BIA system, which is based on differential opposition to the electrical current among body tissues, has been used to assess body composition in COPD patients in various studies. (11) (12) (13) The measurement of lean mass (LM) by an eight-contact electrode BIA system has already been validated against DEXA in people ranging in age from 6 to 64 years. (14) Additionally, this simple, practical, and convenient system was used in an epidemiological study in which FFM and FFM index were determined in men and women of white ethnicity ranging from 45 to 69 years of age. (15) However, to the best of our knowledge, the assessment of body composition using this system has yet to be studied in patients with COPD. In those patients, factors other than age contribute to muscle atrophy, such as disuse, infl ammation, oxidative stress, hypoxemia, hypercapnia, low levels of anabolic hormones or growth factors, impaired energy balance, corticosteroid use, and vitamin D defi ciency. (16) Thereby, the objective of the present study was to investigate the validity of an eight-contact electrode BIA system within a household scale for assessing whole body composition in COPD patients, using DEXA as the standard method.
METHODS
This was a cross-sectional study conducted bet ween July and December of 2011. The study sample was selected by convenience and included COPD patients classifi ed as the Global Initiative for Chronic Obstructive Lung Disease (GOLD) stages 2, 3, or 4 (presence of a post-bronchodilator FEV 1 /FVC ratio < 0.70 and FEV 1 < 80% of the predicted value), (17) of both genders, who had a smoking history ≥ 20 pack-years, had been clinically stable four weeks prior to study entry, and were ≥ 40 years of age. Exclusion criteria were current smoking and presence of associated diseases, such as cardiomyopathy, musculoskeletal diseases, cancer, tuberculosis, or asthma. A total of 17 clinically stable COPD patients (14 men) from public or private pulmonary outpatient clinics agreed to participate in the study. 
Pulmonary function
Lung function was assessed using a previously ca librated spirometer (EasyOne ® ; ndd Medical Technologies, Zurich, Switzerland). Spirometry was performed before and after the inhalation of 400 µg of albuterol in accordance with the American Thoracic Society/European Respiratory Society standards. (18) The predicted values were calculated based on equations proposed by Pereira et al. (19) 
Nutritional status
During the assessment of nutritional status, the individuals remained barefoot and unadorned, wearing only an apron. Height was measured with a wall-mounted stadiometer (Standard; Sanny, São Bernardo do Campo, Brazil) in accordance with the standardization proposed by Gordon et al. (20) Weight and body composition variables were measured with a household segmental body composition monitor (BC-558 Ironman; Tanita Corp., Tokyo, Japan). That body composition monitor operates at 50 kHz and contains eight contact electrodes, two pairs of electrodes being coupled to a metal platform for the feet and two pairs for hand grasping. The metal platform is attached to a force transducer for the measurement of weight, and the eight contact electrodes are connected to a digital circuit. The measurement of body composition variables by the eight-contact electrode BIA system was performed as per the instructions of the manufacturer and as recommended by Kyle et al. (21) Measurements were taken ten minutes after the patients had been positioned in orthostatic position, in order to minimize errors caused by acute changes in body fl uid distribution. (22) Data on total body composition-body fat percentage, muscle mass, and bone mass-were collected.
On the same day, body composition was also assessed by whole-body DEXA scanning, which was conducted by a medical radiology technician certifi ed by the Brazilian Society of Clinical Densitometry. The subjects laid still in the supine position during the evaluation. A Lunar Prodigy Advance bone densitometer (GE Healthcare, Madison, WI, USA) was previously calibrated in accordance with the manufacturer's recommendations and used with the enCORE software, version 12.30 (GE Healthcare) for the acquisition of the following body composition variables: bone mineral content (BMC); LM, fat mass (FM); and FFM (in kg for all). For the inter-method analysis, the following was considered: FM = (total body weight × FM%)/100; FFM = total body weight − FM; LM = muscle mass; and BMC = bone mass.
Statistical analysis
The data were reported as means ± SD. The ShapiroWilk test was used to analyze data normality. A paired t-test was used in order to compare the means of the body composition variables obtained via BIA and DEXA. Pearson's correlation coeffi cient was used in order to test the association between the variables obtained by the two assessment methods, whereas Bland & Altman scatter plots were used to assess agreement between the methods. Statistical signifi cance was set at p < 0.05. All statistical analyses were performed with the IBM SPSS Statistics software package, version 20.0 (IBM Corporation, Armonk, NY, USA).
RESULTS
The sample comprised 17 subjects (14 men) classifi ed as GOLD stage 2 (moderate COPD; n = 4), 3 (severe COPD; n = 6), and 4 (very severe COPD; n = 7). Regarding medications, 14 (80%) of the subjects reported the use of long-acting β 2 agonists combined with corticosteroids; 11 (67%) used longacting anticholinergics; 9 (53%) used long-acting β 2 agonists; 3 (20%) used short-acting β 2 agonists combined with anticholinergics; and 1 (7%) used short-acting xanthines. The characteristics of the sample are shown in Table 1 .
There were no signifi cant differences between body composition variables obtained by DEXA and by BIA (Table 2) 
DISCUSSION
The aim of the present study was to investigate the validity of an eight-contact electrode BIA system for the assessment of total body composition in a sample of patients with moderate to very severe COPD, using DEXA as the standard evaluation method. Measurements of FFM, LM, and FM obtained by the two methods showed strong positive correlations. In Table 2 . Body composition of the study group. the agreement analysis, slight IMDs were observed between the body composition variables obtained by DEXA and the BIA system, with no statistical differences. To our knowledge, the validity of that BIA system for assessing body composition in COPD patients has never been investigated before. However, previous studies have used DEXA as the criterion method for analyzing the ability of various equations to estimate body composition by conventional BIA systems as an evaluation method for those patients. (10, (23) (24) (25) (26) In the current study, a strong inter-method correlation was found for FFM, LM, and FM values. Lerario et al. (10) also observed a strong correlation between FFM values measured by DEXA and by a conventional BIA system in patients with COPD (r = 0.95; p < 0.001). That had been previously shown by Kyle et al. (24) in patients with chronic respiratory failure (r = 0.952; p < 0.0001). Pichard et al. (23) studied the association between DEXA and several equations for the estimation of body composition by using a conventional BIA system in patients with chronic respiratory failure. Those authors found a minimum correlation coeffi cient of 0.66 (p < 0.001) for FFM and FM. In heavy smokers, Rom et al. (27) showed a strong correlation between BMC (r = 0.81), LM (r = 0.94), and FM (r = 0.97) measured by an eight-contact electrode BIA system and DEXA).
When analyzing the agreement between the methods in the present study, we found that the eight-contact electrode BIA system slightly underestimated FFM values when compared with those by DEXA. Corroborating this result, underestimated values for FFM obtained by conventional BIA systems compared with those measured by DEXA in COPD patients were also observed in other studies. (10, 25, 26) The bias ranged between 0.57 and 4.1 kg, which is greater than that observed in the current study. (10, 25, 26) However, FFM values were overestimated by BIA when compared with DEXA in other studies involving patients with chronic respiratory failure, with biases between 0.1 and 8.0 kg. (23, 24) In the present study, the eight-contact electrode BIA system underestimated LM when it was compared with DEXA. It is known that FFM is primarily composed by LM, and, therefore, when there is FFM underestimation, LM underestimation is also expected. Overestimated FM values were obtained by the eight-contact electrode BIA system when they were compared with those by DEXA. However, Rom et al. (27) found underestimated FM values obtained by an eight-contact electrode BIA system when compared with those obtained by DEXA (IMDs = 0.19 kg) in heavy smokers. In healthy elderly Europeans, Mally et al. (28) found that an eight-contact electrode BIA system underestimated LM (IMDs = 1.0 kg) and overestimated FM (IMDs = −5.8 kg) when compared with the values obtained by DEXA in men, which confi rms the results observed in the current study, since our sample was composed mostly by males. In the present study, we also found that the eight-contact electrode BIA system slightly overestimated BMC values when compared with those by DEXA and that the BMC values measured by the two methods showed a moderate correlation. BMC is a component of FFM, and it appears to be decreased in COPD patients. (29) It is known that DEXA enables the identifi cation of bone mineral loss in these patients (8) and is considered the gold standard for bone mass determination. This suggests that the eight-contact electrode BIA system is not as accurate a method as DEXA for the evaluation of the skeletal status of patients with COPD.
Although DEXA is not considered the gold standard for body composition evaluation, (30) it has been recommended as a reference method for this purpose in COPD patients. (8, 9) Its high cost and demand on training and technological resources, however, limit its use in clinical practice. Because BIA has lower costs and is easy to use, it has been chosen as a method for assessing body composition in patients with COPD in some studies. (11, 12) The eight-contact electrode BIA system associated with household scales dispenses with the use of adhesive gel electrodes, has lower costs than does a conventional BIA monitor, and enables easy and immediate assessment of body composition and weight. We found that the eight-contact electrode BIA system, in addition to its simplicity, practicality, and convenience, can be used as an alternative to more complex methods for routine assessment of body composition in patients with COPD in clinical practice and epidemiological studies.
The exclusion of patients with mild airfl ow obstruction in our sample can be identifi ed as a limiting factor, making the extrapolation of the observed results not possible for those patients. Moreover, the small sample size, recruited by convenience from public and private pulmonary clinics, reduces the external validity of the study because the sample might not be representative of the general COPD population in terms of body composition. In addition, the analysis of groups according to the severity of airfl ow obstruction, gender, or nutritional status cannot be made in our study. Despite the small sample size, the statistical power for all correlations observed between the body composition variables obtained by DEXA and by the eight-contact electrode BIA system was greater than 90%. Further investigations using a larger and randomly selected sample of patients with COPD are recommended in order to confi rm our results. Another limitation that could be pointed out is that the responsiveness of the BIA system to an intervention was not evaluated because of the cross-sectional design of the present study.
In conclusion, the eight-contact electrode BIA system is a simple and useful tool for the assessment of whole body composition in clinically stable patients with moderate to very severe COPD, and the difference in LOA does not seem to have an impact on the validity of the method.
